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SYNTHESIS OF CYCLOPENTENE DERIVATIVES 

This invention relates to a new process for the preparation of 
certain optically active purine substituted cyclopentene derivatives 
and novel intermediates used in this process- In particular, the 
invention describes the synthesis of the lR-cis isomer of carbovir, 

5 [I'R^'SJ^-amino^-CA-ChydroxymethyD-Z-cyclopenten-l-ylj-l^-dihydro 
-6H-purin-6-one, an antiviral agent. 

GB-A-2217320 discloses a group of antiviral purine substituted 
cyclopentene derivatives including the lR-cis isomer of carbovir, 
• [l t R,A , S]-2-amino-9-[4-(hydroxymethyl)-2-cyclopenten-l-yl]-l,9- 
.10 dihydro-6H-purin-6-one, a compound of the formula (I) 

0 
II 

• N 



15 



20 



HN 



h/yV 



/ • ♦ 

HO | | 



• • 



together with processes for their preparation. 

The compound of formula (I) (also referred to hereinafter as 
(-)-carbovir) has been found to have potent activity against human 
immunodeficiency virus (HIV) associated with acquired immune 
deficiency syndrome (AIDS) [see Vince, R. , et al ., Biochem. Biophys. 
Res. Commun ., 156(2), 1046 (1988)]. There is however a need for 
improved synthetic routes to (-)-carbovir from relatively inexpensive 
25 starting materials. 

We have now found a novel efficient process for preparing the 
compound of formula (I). Thus, according to one aspect of the present 
invention, we provide a process for the preparation of the compound of 
formula (I) and physiologically acceptable salts thereof, which 
30 comprises reacting a compound of formula (II) 
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5 H 2 N N N (II ) 

R o I I 

L 

(wherein L is a leaving group, R 1 is a hydrogen atom or a hydroxyl 
10 protecting group and R 2 is OH, NH 2 or a protected hydroxyl group) to 

convert the leaving group L therein to a 3 ,4 -ene group, followed by 

conversion of and/or OR' to hydroxyl groups as appropriate, with 

salt formation as an optional subsequent step. 1 

Examples of leaving group L include OH, OSO^R 3 (where R 3 

represents alkyl, for example C^alkyl such as methyl; aryl, for 
15 example phenyl or tolyl; or trifluoromethyl) , SeR* 4 (where R H 

represents aryl, for example phenyl) or halogen (e.g. bromine or 

iodine). 

The elimination of HL provides a compound of formula (III) 



20 



R 



2 



• N 

/ V \\ 



25 



• * / 

H,N /\ (In) 
R^o 7 I | 



wherein R 1 and R 2 are as defined above. 

Suitable conditions for the conversion of compounds of formula 
(II) to compounds of formula (III) will of course depend upon the 
3o nature of. the leaving group L. Thus, for example, when L represents OH 
the elimination reaction may be effected by methods such as those 
referred to in "Compendium of Organic Synthetic Methods", Eds. I. T. 
Harrison and S. Harrison, Wiley-Interscience, 1971, pp . 484-488. When 
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L represents a halogen atom the elimination reaction may be effected 
by methods such as those referred to in "Compendium of Organic 
Synthetic Methods", Eds. I.* T. Harrison and 5. Harrison, 
Wiley-Interscience, 1971, pp. 507-510. 

5 We have found that compounds of formula (II) in which L 

represents 0S0 2 R 3 or SeR 4 (where R 3 and R 1 * are as defined above) are 
particularly convenient precursors to the compounds of formula (III), 
Such compounds in which L represents 0S0 2 R J may be converted to 
compounds of formula (III) by treating the appropriate compound of 

10 formula (II) with a base, for example an alkali metal alkoxide (e.g. 
sodium methoxide or NaOCH 2 CH 2 OCH in a suitable solvent such as an 
amide (e.g. dimethylf ormamide) , or a quaternary ammonium salt such as 
a tetraalkylammonium halide (for example a tetrabutylammonium halide 
such as tetrabutylammonium fluoride) in a solvent such as an 
ether (e.g. tetrahydrofuran) . The elimination reaction involving a 

15 compound of formula (II) in which L represents OSO^R 3 may be carried 
out at any suitable temperature and conveniently at 0 U C to ambient 
temperature. 

Compounds of formula (II) in which L represents SeR y may be 
converted to compounds of formula (III) by treating the compound of 
formula (II) with a peroxide oxidising agent such as hydrogen peroxide 
20 in a solvent such as an ether (e.g. tetrahydrofuran) conveniently at 
a temperature between 0 U C and ambient temperature. 

Compounds of formula (III) in which OR 1 and/or R 2 represent 
protected hydroxyl groups may conveniently be converted to (-) 
carbovir by deprotection means. When two protecting groups are 
25 present deprotection at the purine ring 6-position is conveniently 
effected prior to removal of the other protecting group. 

Compounds of formula (III) in which R 2 represents NH^ or OH may 
conveniently be converted to (-) carbovir by removal of the R 1 
protecting group, followed when R 2 represents HH 2 by conversion of the 
30 HH 2 group to OH. 

Removal of the hydroxyl protecting groups may be effected by 
conventional means. Thus, for example, alkyl, silyl, acyl, alkoxyalkyl 
and heterocyclic groups may be removed by solvolysis, e.g. by 
hydrolysis under acidic or basic conditions. Aralkyl groups such as 

35 
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triphenylmethyl may similarly be removed by solvolysis, e.g. by 
hydrolysis under acidic conditions. Aralkyl' groups such as benzyl may 
be replaced by acyl (e.g. acetyl) groups using a carboxylic acid 
anydride such as acetic anhydride which, in turn, may be removed by 
5 solvolysis. Conveniently, acyl groups such as acetyl may be removed by 
hydrolysis under basic conditions, for example using an alkali metal 
alkoxide (e.g. sodium ethoxide) or using an ammonia/methanol mixture. 
Conveniently, alkoxyalkyl groups such as methoxyethyi may be removed 
under mild acid conditions, for example using a Lewis acid such as 
10 aluminium triiodide in a solvent (e.g. acetonitrile) at elevated 
temperature (e.g. at reflux). 

Conversion of (1S.4R )-4-[2, 6-diamino-9H- P urin-9-yl]-2- . 
cyclopentenemethanol to (-) carbovir may be effected by hydrolysis 
and preferably by treating the 2,6-diamino compound with a suitable 
enzymatic hydrolysing system such as adenosine deaminase adjusted to a 
15 pH in the range P H 6 to 8 (e.g. at about pH 7.5) and conveniently 

buffered to the desired P H using for example disodiun orthophosphate . 
The reaction may be carried out at any suitable temperature and 
conveniently at 20" to 50" C . The reaction may also be carried out in 
the presence of a suitable solvent such as water or an alcohol-water 
mixture, e.g. glycerol-water. 
20 Compounds of formula (II) in which L represents a leaving group 

other than OH may be prepared from compounds of formula (II) in which 
L represents OH. The conversion of the 3-0H group to a different 
leaving group may be effected by a conventional displacement reaction. 
Thus, for example, compounds of formula (II) in which L represents a 
group OSO^ (where R d is as previously defined) may be prepared from 
25 compounds of formula (II) in which L represents OH by reaction with a 
sulphonyl halide of the formula R'SO.Hal (where R d is as previously 
defined and Hal is a halogen atom, e.g. chlorine). This particular 
displacement reaction may conveniently be effected in a solvent such 
as a halogenated hydrocarbon (e.g. dichloromethane) at a temperature 
30 in the range -10« to + 50"C (e.g. at about 0«C). The reaction 

preferably takes place in the presence of a base such as an amine 
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(e.g. triethylamine or 4-dimethylaminopyridine) or a mixture of amine 
bases. 

When L represents SeR^ (where R 4 is as previously defined) such 
compounds of formula (II) may be prepared via compounds of formula 

5 (II) in which L represents OSO^ 3 (where R a is as previously defined, 
e.g. methyl). The conversion of the group 0S0 2 R 3 to SeR h may 
conveniently be effected by reaction of the compound of formula (II) 
in which L represents 0S0 2 R 3 with NaSeR 1 * (where R 4 is as previously 
defined) in a suitable solvent such as an ether (e.g. 

10 tetrahydrof uran). 

Compounds of formula (II) in which L represents OH may be 
prepared from a corresponding protected hydroxy compound by removal of 
the protecting group according to the" general methods described 
ab ove. 

The protecting group referred to hereinabove may represent any 

15 conventional hydroxyl protecting groups, for example, as described in 
•Protective Groups in Organic Chemistry' , Ed. 3. F. W. McOmie (Plenum 
Press, 1973) or 'Protective Groups in Organic Synthesis' by Theodora 
W. Greene (John Wiley and Sons, 1981). Examples of suitable protecting 
groups include groups selected from alkyl (e.g. methyl or t-butyl), 
alkoxyalkyl (e.g. methoxymethyl or methoxyethyl) , aralkyl (e.g. 

20 benzyl, diphenylmethyl or triphenylmethyl) , substituted aralkyl 

wherein the aryl portion of the aralkyl group may be substituted by, 
for example, one or more alkoxy groups (e.g. p-methoxybenzyl), 
heterocyclic groups such as tetrahydropyranyl , acyl (e.g. acetyl or 
benzoyl) and silyl groups such as trialkylsilyl (e.g. 

25 t-butyldimethylsilyl or thexyldimethylsilyl) . 

When R 1 represents a hydroxyl protecting group this is 
conveniently an aralkyl group such as benzyl. 

When R^ represents a protected hydroxyl group the protecting 
group is conveniently an alkoxyalkyl group such as methoxyethyl. 

30 When compounds of formula (II) contain a protected hydroxyl group 

at the 3'-position, the protecting group is conveniently a substituted 
aralkyl group such as an alkoxy substituted benzyl group (e.g. 
p-methoxybenzyl). Removal of the protecting group may conveniently be 
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carried out under acidic conditions, for example using trifluoroacetic 
acid or by reaction, with 2,-3-dichloro-5,6-dicyano-l,4-ben Z oquinone 
(DDQ) followed by treatment with an acid (e.g. hydrochloric acid). 

Compounds of formula (II) containing a protected hydroxyl group 
at the 3 , -position may be prepared from a compound of formula (IV) 



>2 



• N 

// \ / \ 
N . A 

I a . 

H.Ji N V ' ( IV ) 



R 0 | | 

• • 

OR 5 

(wherein is as defined previously and R 1 and R s are hydroxyl 
i5 protecting groups) by reacting the said compound of formula (IV) to 
replace the 1-0H group by a hydrogen atom. 

Conveniently, this reaction is effected by (i) reacting the 
compound of formula (IV) to convert the 1-0 H group to a leaving group 
removable by reduction (e.g. by homolytic reduction) and (ii) reducing 
2q said compound to replace the leaving group by a hydrogen atom. 

A particularly convenient means of effecting the reaction is to 
react the compound of formula (IV) with a compound of formula 
HalC(=S)0R6 (where Hal is a halogen atom, e.g. chlorine, and R b is 
C^alkyl, aryl such as phenyl, heteroaryl such as imidazole or 
25 C ^alkylaryl such as p-tolyl) to provide a compound of formula (V) 
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(V) 



(wherein -OR 7 represents a group 0C(=5)0R b and R 1 , R 2 and R 5 are as 
defined previously), and thereafter reducing the compound of formula 
(V) using, for example, an alkyltin hydride (e'.g. tri-n-butyltin 
hydride) in the presence of a radical initiator such as a peroxide, 
azobisisobutyronitrile or light to provide a compound of formula (II) 
in which the 3-position is substituted by a protected hydroxyl group. 

The reaction of a compound (IV) to introduce the R 7 group in the 
compound (V) may be effected in the presence of a suitable base such 
as an amine (e.g. pyridine or 4-dimethylaminopyridine) and in a 
solvent such as a halogenated hydrocarbon (e.g. dichloromethane) , 
conveniently at a reduced temperature (e.g. about "30 to ~10 U C). 

The reduction reaction to provide the desired compound of formula 
(II) may conveniently be carried out in a suitable solvent, such as 
pyridine or toluene when an alkyltin hydride is the reducing agent, 
and the reaction may preferably be carried out at an elevated 
temperature 

Compounds of formula (IV) may be prepared by reacting a compound 
of formula (VI) 



..-0 



/ •* (VI ) 
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(wherein R 1 and R s are hydroxyl protecting groups) with a purine base 
having the formula (VII) - 

R 2 
I 

/\'\ 

i J ; (vii) 
u / \ / \ / 

z H - 

1Q (wherein R* is as previously defined) in the presence of a suitable 
base . 

Bases which may be used include alkali metal hydrides, such as 
sodium hydride, and the reaction may be effected in the presence of a 
suitable solvent, conveniently dimethyl formamide when sodium hydride 
is the base. It may be desirable to carry the reaction out at an 
15 elevated temperature (e.g. 50°-120 u C) and in th e : presence of a crown 
ether (e.g. 15-crown-5). 

Intermediates of formula (VII) are known compounds. 
Intermediates of formula (VI) in which R=> represents a hydrogen atom 
are either known compounds described by S. M. Roberts et al ., in 0. 
20 Chem. Soc. Perkin I, 1988, 549 or may be prepared by methods analogous 
to the methods therein for preparing the known compounds of formula 
(VI) in which R 5 is a hydrogen atom. Compounds of formula (VI) in 
which R 3 is a hydroxyl protecting group may be prepared from the 
corresponding compounds of formula (VI) in which R 3 is a hydrogen atom 
25 by standard protection means. 

Intermediates of formulae (IV) and (V) are novel compounds and 
form further aspects of the present invention. 

Salts (e.g. physiologically acceptable salts) of the compound of 
formula (I) may be prepared form the corresponding free base according 
30 to the methods described in GB-A-2217320. 

It is to be understood that individual steps in the process 
described hereinabove and sequential combinations of such steps 
represent further aspects of the present invention. 

The following exmaples illustrate the invention but should not be 
35 construed as a limitation thereof. 
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Intermediate 1 

(IS ,2R ,35 ,5R )-3- ( (4-Methoxyphenyl )methoxy )-2- (phenylmethoxy )methyl-6- 
oxabicyclo[3 ,1 ,0]-hexane 

A solution of [3S-(la,2P,3a,5a)]-2-((phenylmethoxy)methyl-6- 

5 oxabicyclo[3.1.0]hexan-3-ol A (30.40g) in tetrahydrofuran (60ml) was 
added to a stirred suspension of sodium hydride (3.64g) in 
tetrahydrofuran (120ml) under nitrogen. The mixture was stirred at 
room temperature for 1 hour and 4-methoxybenzyl chloride (20.6ml) was 
added, followed by tetrabutylammonium iodide (510mg) and 

10 dimethylformamide (30ml). The mixture was heated under reflux for 1# 
hours and allowed to cool. After evaporation of most of the solvent, 
the remainder was diluted with diethyl ether, washed with water and 
brine, and dried over anhydrous magnesium sulphate. After filtration 
and evaporation, the residue was purified by column chromatography 
(Merck 7734 silica gel, eluant diethyl ether-petrol 2:1) to give the 

15 title compound as a yellow oil (42. 4g). 'H NMR (CDCl a ) 6 7.40-7.15, 
7H, m; 6.83, 2H, d; 4.48, 2H, s; 4.40, 2H, s; 3.89, 1H, d; 3.80, 3H, 
s; 3.55, 1H, bs; 3.44, 1H, bs; 3.40, 2H, m; 2.60, 1H, t; 2.08, 2H, m. 

1. SM Roberts et al , 3. Chem. Soc. Perkin , 1988, 549. 

20 

Example 1 

(1 1 R ,4 1 S )-2-Amino-9- (4- (hy droxymethyl )-2-cyclopenten-l-y 1 )-l , 9- 
dihydro-6H-purin-6-one 

(a) (IS ,2R ,35 ,55 )-5-[2 ,6-Diamino-9H-purin-9-yl]-3- ( (4-methoxyphenyl )- 

25 methoxy)-2- ( phenylmethoxy )methyl-l-cyclopentanol 

To a stirred suspension of sodium hydride (1.20g) in dimethyl- 
formamide (230ml), under nitrogen, was added 2,6-diaminopurine 
(11.46g) and the mixture was stirred for 1 hour at room temperature. 
15-Crown-5 (11. Ig) was added, followed by a solution of Intermediate 1 
(17.36g) in dimethylformamide (20ml). The mixture was heated at 140 U C 

30 for 18 hours. After cooling, methanol (20ml) was added and the 

mixture was evaporated. The residue was taken up in ethyl acetate, 
washed with water and brine, and then dried over anhydrous magnesium 
sulphate. After filtration and evaporation, the residue was purified 
by column chromatography (Merck 7734 silica gel, eluant 
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chloroform-methanol 15:1) giving the title compound as a tan solid 
(16.10g). Crystallisation _f pom ethanol gave a pure sample of the 
title compound. 'H NMR (CDC1 3 ) 6 7.40, 1H, s; 7.20-7.38, 7H, m; 6.85, 
2H, d; 5.50, 2H, bs; 4.80, 2H, bs; 4.60, 1H, m; 4.55, 2H, s; 4^45, 2H 
5 d; 4.26, 1H, t; 4.02, 1H, m; 3.78, 3H, s; 3.65, 2H, m; 2.47, 2H, m; 
2.21, 1H, m; MS (+ve CI, CH 4 ) m/e 491 (MH+). 

(b) (1S ?2R ^ 3S - 5S } - 3 - [2 r6- Diamino-9H-purin-9- vl 1-3- ( (4-methoxvp hPnv! ^_ 
methoxy )-2- (pheny lmethoxy )meth vl-l-cyclopentano I . 
10 phenoxythiocarboxylate 

To a stirred solution of the product of part (a) above (lO.OOg) 
in dichloromethane (150ml) was added 4-dimethylaminopyridine (4.98g) 
and the solution was chilled to -45*C. Phenyl chlorothionoformate 
(3.40ml) was then added dropwise and the mixture was then stirred at 
-30"C for 2 hours, and then kept for 64 hours' at -22°C. The solution 
was diluted with dichloromethane, washed with water, saturated aqueous 
sodium bicarbonate solution and brine, and then dried over anhydrous 
magnesium sulphate. After filtration and evaporation, the residue was 
purified by column chromatography (Merck 7734 silica gel, eluant 
chloroform-methanol 20:1) to give the title compound as a light yellow 
gum (I0.07g). > H NMR (CDC1 3 ) 6 7.58, 1H, s; 7.20-7.40, 10H, m; 
6.85-7.00, 4H, m; 6.15, 1H, m; 5.40, 2H, bs; 5.19, 1H, m; 4.65, 2H 
bs; 4.59, 2H,s; 4.50, 2H, s; 4.16, 1H, m; 3.82, 5H, m; 2.70, 2H, m; ' 
2.40, 1H, m. 

25 (C) a'^3-5,4'R)-9-r3-((4-Methoxvnh P n V l) me t h oxv)-4-(p h Pnv 1 mp , h ^ r . 
methyl-cyclopentan-l -yl]-9H-2.6-purinediamine 

To a stirred solution of the product of part (b) above (ll.83g) 
in toluene (180ml) under nitrogen, was added 2,2'-azobis 
(2-methylpropionitrile) (600mg) followed by tributyltin hydride 
(8.12ml) and the solution was degassed by bubbling a stream of 
nitrogen through it for 10 minutes. The mixture was then heated at 
90°C for 2 hours. Evaporation gave a residue which was purified by 
column chromatography ( Mer ck 7734 silica gel, eluant 

^ chloroform-methanol 20:1) to give the title compound as a white solid 
(7.50g). Crystallisation from ethyl acetate gave a pure sample of the 
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22 

title compound , ,m.p. 132-4 U C; [aJ D + 22.1° (c = 0-98, CHC1 3 ); ! H NMR 
(CDC1 3 ) <5 7,75, 1H, s; 7.20-7,40, 7H, m; 6.86, 2H, d; 5.31, 2H, bs; 
4.92, 1H, m; 4.64, 2H, bs~; 4.53, 2H, s; 4.44, 2H, d; 4.04, 1H, m; 
3.80, 3H, s; 3.55, 2H, d; 2.49, 2H, m; 2.30, 2H, m; 1.90, 1H, m. 

5 

(d) (15,2R,4R )-4-[2,6-Diamino-9H-purin-9-yl]-2-(phenylmethoxy)methyl- 
1-cyclopentanol 

Trifluoroacetic acid (70ml) was added to the product of part (c) 
above (7.20g) and the resulting red solution was stirred at ambient 

2o temperature for 75 minutes. The solution was slowly added to 
saturated aqueous sodium bicarbonate solution (1200ml) and then 
extracted thrice with chloroform. The combined chloroform extracts 
were washed with brine and dried over anhydrous magnesium sulphate. 
After filtration and evaporation, the residue was purified by column 
chromatography (Merck 7734 silica gel, eluant chloroform-methanol 9:1) 

^3 to give the title compound as a light yellow solid (3.79g). 

Crystallisation from chloroform gave a pure sample of the title 
compound . ! H NMR (CDC1 3 ) 6 7.55, 1H, s; 7.34, 5H, m; 5.40, 2H, bs; 
4.97, 1H,. m; 4.69, 2H, bs; 4.56, 2H, s; 4.44, 1H, m; 3.68, 1H, dd; 
3.56, 1H, t; 2.34, 4H, m; 1.80, 1H, m; MS (+ve CI, CH H ) m/e 355 

20 (MH+) . 

(e) (1S,2R,4R )-4-[2 ,6-DiamincH9H-purin-9-yl]-2-(phenylmethoxy )methyl- 
1-cyclopentanol, methanesulphonyl ester 

To a stirred, ice-chilled solution of the product of part (d) 
25 above (3.58g) in dichloromethane (340ml) under nitrogen, was added 
4-dimethylaminopyridine (2.48g). Methanesulphonyl' chloride (1.01ml) 
was added, dropwise, and the solution was stirred for 60 minutes at 
0 U C. The mixture was diluted with chloroform and washed with water, 
saturated aqueous sodium bicarbonate solution and brine, and then 
30 dried over anhydrous magnesium sulphate. After filtration and 
evaporation, the residue was purified by column chromatography (Merck 
7734 silica gel, eluted with chloroform-methanol 12:1) to give the 
title compound (4.64g) as a colourless foam. Preparative thin layer 
chromatography gave a pure sample of the title compound . 1 H NMR 

35 
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(CDCI3) 6 7.55, 1H, s; 7.37, 5H, m; 5.33, 2H, bs; 5.25, 1H, m; 4.92 
1H, m; 4.62, 2H, bs; 4.57,_2H, m; 3.63, 2H, m; 3.00, 3H, s; 2.58, 4H 
m; 2.02, 1H, m. . ' 



5 (f) (1 ' R > 4 ' S } - 9 -^- ^enylmetho xy )rnethyl-2-cvclopenten-l- vT 1-9H-7 A. 
purinediamine 

To a stirred suspension of sodium hydride (l.llg) i n dimethyl- 
formamide (90ml) under nitrogen, was added 2-methoxyethanol (3.74ml), 
and stirring was continued for 2 hours: The resulting suspension was 

10 cooled to 0" and a solution of the product of part (e) above (4.44g) 
in dimethylformamide (50,nl) was added with stirring. After 1 hour, 
the ice-bath was removed and stirring continued for 45 minutes. The 
mixture was then partitioned between chloroform and water, and the 
organic layer was subsequently washed with water and brine, dried over 

15 anhydrous magnesium sulphate, filtered and evaporated. The residue 
was purified by column chromatography (Merck 7734 silica gel, eluted 
with chloroform-methanol 20:1) to give the title compound •„„ a gum 
(1.80g). H NMR (CDC1 3 ) 6 7.60, 1H, s; 7.30, 5H, m; 6.15, 1H, m; 5.85, 
1H, m; 5.60, 2H, bs; 5.55, 1H, m; 4.84, 2H, bs; 4.52, 2H, s; 3.48, 2H, 

20 m; 3.10, 1H, m; 2.80, 1H, dt; 1.68, 1H, dt. 

(9) ^" R ^"S)-N-r6-Amino-9-(4- a c e tnvv )methvl-2-cv C 1np Pn ten-l- v l)-9H- 
purin-2-yl]-acetamide 

To a stirred ice-chilled suspension of the product of part (f) 
25 above (1.79g) in acetic anhydride (60ml) under nitrogen, was added 
dropwise boron trifluoride etherate (2.01ml). After 10 minutes, the 
ice bath was removed and stirring was continued for 1 hour, whereupon 
more boron trifluoride etherate (0.67ml) was added. After a further 1 
hour, the reaction mixture was slowly poured into saturated aqueous 
30 sodium bicarbonate solution (360ml), which was then extracted with 
ethyl acetate. The combined organic extracts were washed with brine, 
dried over anhydrous magnesium sulphate, filtered and evaporated. The 
residue was purified by column chromatography (Merck 7734 silica gel, 
eluant chloroform-methanol 20:1) to give the title compound as a 
35 yellow solid (l.29g). Crystallisation foam ethanol gave a pure sample 
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of the title compound, m.p. 225-6 u ; [a ^ - 154.0° (c = 1.00, CHC1 3 ) 
'H NMR (CDC1 3 ) 6 9.51, 1H, bs; 7.73, 1H, s; 6.15, 1H, m; 5.97,' 1H, m; 
5.60, 1H, m; 4.14, 2H, mp 3.18, 1H, m; 2.85, 1H, dt; 2.61, 3H, s; 
2.06, 3H, s; 1.70, 1H, dt. 

5 

(h) (IS ? 4R )-4-[2 < 6-Diamino-9H- D urin-9-yl]-2-cyclopentenemeth»nn 1 

The product of part (g) above (1.14g) was suspended in ethanol 
(120ml) and 2M aqueous sodium hydroxide solution (5.1ml) was added. 
The mixture was then heated at 40°C for 3 hours, cooled and 
10 evaporated. The white residue was purified by column chromatography 
(Merck 7734 silica gel, eluted with chloroform-methanol 5:1) to give 
the title compound as a white solid (750mg). Crystallisation from 
isopropanol gave a pure sample of the title compound . 'H NMR (d b 
DMS0) 6 7.63, 1H, s; 6.75, 2H, bs; 6.10, 1H, m; 5.84, 3H, m; 5.36| 1H, 
m; 3.43, 2H, m; 2.85, 1H, m; 2.60, 1H, dt; 1.58, 1H, dt. 

15 

(i) ^ ' R > 4 ' S )-2-Amino-9- ( 4- (hydroxvmethy 1 )-2- cvclopenten-1- yl )-l . 9- 
dihydro-6H-purin-6-one 

To a solution of the product of part (h) above (112mg) in pH7.5 
buffer (7.5ml) (from 0.5M disodium orthophosphate, adjusted with 

2o orthophosphoric acid) was added adenosine deaminase (28^1, 44 units) 
in 50S glycerol - 0.01M potassium phosphate, pH6.0, and the solution 
was warmed at 37°C for 5 days. The resulting white precipitate was 
filtered off and recrystallised from hot water to give the title 
compound white crystals (26mg) m.p. 265-70 u C (decomp.); |aj" -43.1" 

25 (c = 0.32, DMS0); 'H NMR (d 6 DMS0) 6 10.55, 1H, bs; 7.58, lH^s; 6.44, 
2H, bs; 6.10, 1H, m; 5.85, 1H, m; 5.32, 1H, m; 4.74, 1H, t; 3.43, 
m; 2.86, 1H, m; 2.60, 1H, dt; 1.58, 1H, dt. 

Example 2 

30 (1 'R ,4 'S )-2-Amino-9- ( 4- (hydroxymethyl )-2-cyclopenten-l-yl )-] .9- 
dihydro-6H-purin-6-one 

(IS ,2R ,3S ,5S )-5-[2- Amino-6- (2-methoxyethoxy )-9H-purin-9-yn-3- 
((4-methoxyphenvl)methoxy)-2-(phen ylm e thoxy)methyl-l-cvclo P ent a noT 
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To a stirred suspension of lithium hydride (195mg) in dimethyl- 
formamide (90ml) under nitrogen was added 2-amino-6-methoxyethoxy 
purine (7.15g) and the suspension was heated at 120°C for lh and then 
cooled to ambient temperature. To this solution was added a solution 

5 of Intermediate 1 <8.06g) in dimethylformamide (60ml) and the mixture 
was heated at 145°C for 3jft hours. After cooling to ambient 
temperature, the solvent was removed and the residue was taken up in 
ethyl acetate. This mixture was washed with water, and brine, dried 
over anhydrous magnesium sulphate, filtered and evaporated. The 

10 residue was purified by column chromatography (Merck 7734 silica gel 
eluted with ethyl acetate- ethanol 9:1) to give the title compound as a 
white solid (6.92g). Crystallisation from ethyl acetate gave a pure 
sample of the title compound , m.p. 118-20 U C; [aj^ -5 74O ( c - 1 61 
CHC1 3 ), 1 H NMR (CDCI3) * 7.52, 1H, s; 7.40-7.20, V m; 6.86, 2H, d- ' 
4.88, 2H, bs; 4.65, 3H, m; 4.53, 2H, s; 4.46, 2H, bs; 4.25, 1H, f 

15 4.01, 1H, m; 3.80, 5H, m; 3.64, 2H, m; 3.42, 3H, s; 2.54, 1H, m; 2.43,' 
1H, m; 2.28, 1H, m. 

(b) -( 1S > 2 ^3S,5S)-5-[2-Aminc-6- (2-metho X vethnx y )-9H- D urin-9- v1 1^- 

((4-methoxvphe n vl)mPthnv Y )-2-( P henvlmethn x y ) me thvl-l-cvmnp f .nf^ 1 
20 phenoxythiocarboxylate 

To a magnetically stirred solution of the product of part (a) 
above (8.04g) and dimethylaminopyridine <2.85g) in dichloromethane 
(85ml) under nitrogen at 0"C was added phenylchlorothionoformate 
(1.95ml), dropwise. The mixture was stirred at 0°C for 15 minutes 
25 then at ambient temperature for 30 minutes. A further aliquot of 
phenylchlorothionoformate (0.1ml) was added and stirring continued for 
an additional 20 minutes. The reaction mixture was diluted with 
dxchloromethane and then washed with water, saturated aqueous sodium 
bicarbonate and brine. The organic solution was dried over anhydrous 
30 magnesium sulphate, filtered and the solvent removed. The residue was 
purified by column chromatography (Merck 7734 silica gel eluant 
chloroform-ethyl acetate 1:1) to give the title compound (9.01g) as a 
colourless foam. *H NMR (C0C1J 6 7.64, 1H, S ; 7.40-7.20, 10H m- 
6-92, 4H, m; 6.17, 1H, t; 5.20, 1H, m; 4.81, 2H, bs; 4.63, 2H, t'; 
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4.57, 2H, s; 4.50, 2H, s; 4.14, 1H, m; 3.80, 7H, m; 3.42, 3H, s; 2.68, 
2H, m; 2.40, 1H, m. 

(c) (1 ' R ,3 1 S ,4 1 R )-6- (2-Methoxyethoxy )-9-[ 3- ( (4-methoxyphenvl ) 
methoxy )-4-(phenylmethoxy )methyl-cyclopentan-l-yl]-9H-purin-2-amine 

To a magnetically stirred solution of the product of part (b) 
above (9.01g) in toluene (140ml) under nitrogen was added 
2,2'-azobis(2-methylpropionitrile) (500mg) and. tributyltin hydride 
(5.64 m l). The mixture was degassed and then heated at 90°C for 1% 
hours. A further aliquot of 2, 2 '-azobis(2-methylpropionitrile) 
(154mg) and tributyltin hydride (1.8ml) were added and the mixture 
heated at 100 U C for 1 hour. The mixture was allowed to cool overnight 
and then evaporated. The residue was purified by column 
chromatography (Merck 7734 silica gel, eluant ethyl acetate-ethanol 
9:1) to give the title compound (5.56g) as a gum. l W NMR (CDCl^) 6 
7.64, 1H, s; 7.40-7.20, 7H, m; 6.87, 2H, d; 4.95, 1H, m; 4.80, 2H, bs; 
4.63, 2H, t; 4.52, 2H, s; 4.45, 2H, s; 4.04, 1H, m; 3.69, 5H, m; 3.53, 
2H, m; 3.42, 3H, s; 2.60-2.20, 4H, m; 1.85, 1H, m. 

(d) (1S,2R,4R M-[2-Amino-6-(2-methoxyethoxy)-9H-purin-9-yl]-2- 
( phenylmethoxy )methy 1-1-cyclopentanol 

To a magnetically stirred solution of the product of part (c) 
above (5.43g) in dichloromethane-water (200ml, 19:1) was added 
2,3-dichloro-5,6-dicyano-l,4-benzoquinone (2.78g). The mixture was 
stirred vigorously overnight. The reaction mixture was diluted with 
dichloromethane and repeatedly washed with saturated aqueous sodium 
bicarbonate. The combined aqueous washings were back extracted with 
dichloromethane. The combined organic extracts were washed with brine 
and the solvent removed. The residue was dissolved in hydrochloric 
acid (2N) and washed with ethyl acetate. The organic washings were 
extracted with hydrochloric acid (2N). The combined aqueous extract 
was basified (pH 9) by addition of solid sodium carbonate and then 
extracted with dichloromethane. The organic solution was washed with 
brine, dried over anhydrous magnesium sulphate, filtered and 
evaporated. The residue was purified by column chromatography (Merck 
7734 silica gel, eluant chloroform-methanol 9:1) to afford a brown 
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«. d, 3.43, 3K, ., 3.10, JH, m 2.80, In, dt, 1.65, 1H, dt; MS 
(+ve CI, CH H ) m/e 396 (Mb**, 8*), 364, 210. 

a""^"S>-N - r i ,9 - n i h,d^9- ( 4-».^,„.., 1 ^...;„ . , „ 

5 Yl)-^-o»o-<i H-purin-2-vl.]- a cetamide ' 

To a magnetically stirred solution of the product of part (f)(ii) 

1 J ab ° Ve <2 •" g, in <«■» <-«« nitrogen was 

added a solution of aluminium triiodide (0.52H; 18.0.1) i„ 
acetonitrile. The mixture was heated at reflux far 2 hours and 
10 allowed to oool overnight. The mixture was diluted with methanol and 
the resultant solution evaporated. The residue was purified by column 
chromatography (Merck 7734 silica gel, eluant chloroform-methanol 9-1) 
to afford a gum. This was dissolved in acetic anhydride (25m!) and 
coo ad to 0"C. The stirred solution was treated with heron 
trifluoride etherata <0.76ml>, dropwiae, under nitrogen. The mixture 
15 was stirred at 0°C for 10 minutes and then at ambient temperature for 
1* hours The mixture was poured into aqueous saturated sodium 
bicarbonate solution and the product extracted into ethyl acetate. 
The orgenio extracts were washed with brine, dried over anhydrous 
-agnosia, sulphate, filtered and the solvent removed. The residue was 
20 punned by column chromatography (Merck 7734 silica gel, eluant 
Chlcroform-mathanol Mll ) to afford the crude product. This was 
triturated with diethyl ether and dried in vacuo to give the title 
oompound <265mg) as a fawn powder. M.p. 144-6» Ci [a," + 4 96° 7T~ 

i-25, chci s ) ■„ m (CDCli) 6 12 . 05> JHf bs; o • - 

" ^ " 5 - 83 ' " 5 -«- ». ., 4.3,, 1„, dd; 4.22, 1H dd," 

3-21, 1H, „; 2.76, 1H, dt; 2.34, 3H, s; 2.11, „, s; 1.81, 1„, d t. 

<h) Xl'",4'S)-2-Aminc-9-(4-(hvdrnxvm.tK.. U _ 2 _ cvclnnBnf _ 1 .„,, , „ 

dihydro-6H-purin-6-one 1 — 

30 m > h % St ^ Ted SOlUti ° n ° f Pr ° dUCt ° f P8rt <*> above a57,.g) in 
etnanol (5.1) was added a saturated solution of ammonia in methanol 

(30ml). The mixture was stirred at ambient temperature overnight. 

The solution was evaporated and the residue purified by column 

chromatogrpahy (Mere, 773A silica gel, eluant chloroform-methanol 4:1) 
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to afford the crude product. Recrystallisation from water gave the 
title compound (75mg) as white crystals. M.p. 272-4 u G (decomp.), 
[a]* 3 "68° (c = 0.40, MeOH ); X H NMR (d 6 DMSO) 6 10.58, 1H, bs; 7.59, 
1H, s; 6.45, 2H, bs; 6.61, 1H, m;. 5.85, 1H, m; 5.33; 1H, m; 4.74, 1H, 
5 t; 3.44, 2H, t; 2.87, 1H, m; 2.58, 1H, dt; 1.57, 1H, dt. 
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